The aim of this study was to assess the effects of low/high quality legume residue addition on the chemical composition and quality of maize grain. The experiment followed a randomized block design with a 6 × 2 factorial arrangement, and four repetitions. The plots comprised different combinations of leguminous plants (LC, LA, LG, GC, and GA) and one control group, whereas the subplots were simultaneously cultivated with QPM BR 473 and hybrid AG 7088 maize cultivars. Lipid, protein, starch, fiber, mineral residue, mineral, sugar, carbohydrate, and amino acid levels were analyzed. Legume-biomass treatments applied to the two cultivars affected all mineral contents in the grains, except for calcium. In hybrid cultivar, the legume-biomass treatment provided increased mineral, reducing sugar, and fiber contents. The LG, GA, and GC treatments showed higher protein content during cultivation than the control in both cultivars. In the QPM cultivar, throughout the two cultivations, each one of the legume-based treatments the highest contents for amino acids when compared to the control. The different effects of legume residue-based treatments on different cultivars are associated with efficient nitrogen deposition in the soil and with nitrogen accumulation in plants. Each of the chemical parameters analyzed in the maize cultivars displayed different levels when subjected to treatments using legumebiomass. Legume-biomass helped improve the physicochemical profile of maize grains in the assessed cultivars, including QPM.
Introduction
Maize (Zea mays L.) is an important energy source owing to its high digestible starch content. This cereal accounts for approximately 15% to 56% of the total calories consumed by people living in 25% of Latin American cities (Watson and Ramsted, 1999) . Maize grain structure differs depending on its chemical composition, which shows a single fraction formed by the germ and the pericarp. Such a chemical profile makes maize grains part of the formulation adopted for food containing high good-quality lipid and protein levels (Prasanna et al., 2001; Brito et al., 2005; Naves et al., 2011) .
Starch represents approximately 70% of grain and germ mass in the endosperm, whereas proteins are responsible for approximately 30% of total grain mass (Prasanna et al., 2001) . However, common maize species are a source of lowquality proteins because they hold high amounts of proteins belonging to the prolamin group, and minimal lysine and tryptophan levels (Young and Pellett, 1994; Vasal, 2001; Wegarya et al., 2011) . These nutritional values are low for monogastric animals such as humans (Prasanna et al., 2001; Vivek et al, 2008) ; therefore, mutant genes have been used to produce high-quality proteins through biofortification processes focused on developing quality protein maize (QPM) (Glória et al., 2004) . In addition, food chemical composition naturally changes because of environmental and genetic factors (Mercadante et al., 1997) . Changes in the chemical and physical quality of maize grains often result from management conditions in plant (Vyn and Tollenaar, 1998) . Just as Vasconcellos (1994) , nitrogen fertilization affects the quality of the grain. Nitrogen is the most important element affecting grain yield increase because it plays an important role in plant metabolism. Nitrogen is an important component of proetins, coenzymes, nucleic acids, cytochromes and chlorophyll molecules (Imolesi et al., 2001) . Thus, plant response to nitrogen-based nutrition during the plant growth and development period presents a very complex nature, which is controlled by many genes expressed in a time-dependent system (Canas et al., 2011) .Nitrogen addition to soil is typically done through chemical fertilizer applications, which can lead to groundwater contamination, soil acidification, gas emissions, and eutrophication (Pretty, 2008; Zhao et al., 2015) . In addition, much of the nitrogen added to the soil is lost owing to surface runoff, nitrate leaching, ammonia volatilization, or bacterial competition (Garnett et al., 2009) . Thus, it is worth improving nitrogen-use efficiency (NUE) to reduce the adverse effects of nitrogen fertilization. Therefore, green fertilization is an essential practice, because it uses legume residues as the nitrogen source for crops. Legume residues used in association with different fast/slow-decomposition residue combinations for soil coating may maximize covering through the adoption of different temporal cropdevelopment patterns and increased atmospheric nitrogen fixation (Luscher et al., 2016) . Several studies have reported the effects of nitrogen application on maize grain yield; however, there is little evidence of nitrogen affecting the quality and quantity of chemical components in grains from different cultivars, including QPM (Wegarya et al., 2011) .
The hypothesis addressed in the current study advocates that high/low-quality legume residue combinations affect the chemical composition of maize grains from different cultivars grown in cohesive soils. The aim of the present study was to assess the effects of high/low-quality legume residues on the chemical composition of maize grains in different cultivars.
Results

Physicochemical analyses applied to maize grains from different cultivars
Legume-biomass treatments showed significant effects on the minerals in the two cultivars (p ˂ 0.05), except for calcium. The LC treatment, applied to the QPM cultivar in 2014, increased Mg, P, K, and Zn content in this cultivar, whereas the GA treatment increased the Fe content. All legume-based treatments increased the mineral contents in the hybrid cultivar, except for the Ca content. Maize cultivars did not show changes in mineral contents due to legume-biomass application in 2015, except for the hybrid cultivar, which presented increased Mg content under the LC treatment. All other legume-based treatments increased the Fe content in this cultivar ( Table 1 ).The effect of legumebiomass application on lipid, protein, mineral residue, sugar, fiber, starch, and carbohydrate contents showed significant differences (p ˂ 0.05) in the two cultivars, in both cultivation years (Table 3 ). The LG treatment increased mineral residue and starch levels in the QPM cultivar in 2014, when compared to the control treatment. All legume-based treatments affected the sugar content in the QPM cultivar. The hybrid cultivar presented increased mineral content, as well as reduced sugar and fiber contents when it was subjected to the legume-biomass treatment. The starch content in the LC treatment was higher than that in the other treatments. The legume-biomass treatments applied to the QPM cultivar in 2015 only affected the carbohydrate content, but reduced the sugar and fiber contents in this cultivar. However, the legume-biomass treatment applied to the hybrid cultivar only enhanced the mineral content, but reduced the sugar and fiber contents in this cultivar.
The protein content in 2014 was significantly different (p ˂ 0.05) in the two cultivars (Fig. 2) . However, protein content under the LG, GA, and GC treatments was higher than that recorded for the control treatment in both cultivars. All legume-biomass treatments applied to the hybrid cultivar in 2015 showed better results than the control, except for the LG treatment.
Amino acids contents in maize cultivars
The chromatographic method used to set the amino acid content was optimized according to variations in the mobile phase concentrations (Fig. 3 and Fig. 4) . The chromatogram accurately separated the studied analytes without overlapping their peaks; however, it demanded prolonged analysis time, approximately 45 min. Therefore, it was not possible to include the chromatograhic data for amino acid content for some treatments. The linearity interval set according to the analytical curves (Table 3) , which resulted from five distinct concentration points, generated the regression equations, as well as their respective determination coefficients, R 2 . These equations were based on Ordinary Least Squares. The differential effect of legumebiomass treatments on amino acid content in the two cultivars (p < 0.05) affected the quality of proteins found in the maize grains (Table 4 ). in the QPM cultivar, in both cultivation years, each a legume-based treatment has exceeded the contents of all analyzed amino acids when compared with the control. It is worth emphasizing that the LG treatment increased the aspartic acid, serine, arginine, and tryptophan contents in the 2015 crop. In addition, the GA treatment increased aspartic acid, serine, and glutamine contents in the hybrid cultivar in 2014. Moreover, the GC treatment increased aspartic acid, serine, glutamine, tryptophan, and arginine contents in the hybrid cultivar in 2015.
Discussion
Variations in the chemical parameters and grain quality in the assessed cultivars were analyzed with respect to the improved NUE derived from legume-biomass application. According to Franco and Balieiro (2000) , the behavior of each legume species changes depending on local edaphoclimatic conditions. In addition, legumes tend to immobilize nutrients, mainly nitrogen, because legume cellulose and polyphenol content influences nitrogen mineralization in the short term (Cattanio et al., 2008) . Maize genotypes show different nitrogen accumulation skills, which interferes with NUE, resulting in higher nitrogen uptake and absorption by plants (Worku et al., 2008) . Higher tryptophan and protein concentrations are recorded when the nitrogen in the soil is better absorbed by plants (CIMMYT, 2004) , a fact that corroborates results described in the present study. The different mineral contents recorded for the assessed cultivars arose from genetic and environmental factors, as well as the interaction between such factors. This interaction depends on the availability of LG = Leucaena and Gliricidea; GA = Gliricidia and Acacia; GC = Gliricidia and Clitoria; C = control. Asp = Aspartic acid; Ser = Serine; Arg = Arginine; Glu = Glutamine; Thr = Threonine; Tyr = Tyrosine; Trp = Tryptophan.Different letters above the bars show differences between treatments applied to the two cultivars in the Newman-Keuls test, at P ≤ 0.05. these factors in the soil, as well as on crop-type and other factors such as water stress and fertilizer application (Rengel et al., 1999; Ikram et al., 2010) . Legume-biomass application increased the content of most minerals found in maize grains, mainly phosphorus. The QPM cultivar showed very low lipid content in certain treatments in both cultivation periods. Miao et al. (2006) found low oil and starch contents in QPM cultivars treated with nitrogen fertilizers. According to Vasconcellos (1994) , that genetic material is responsible for the greatest lipid content variation. Wegarya et al. (2011) stated that decreased lipid content leads to increased grain yield in some studies in maize. The low starch and fiber contents recorded in the present study were consistent due to the increased protein content in both cultivars. In addition, fiber content reduction is a desirable feature to improve the palatability and digestibility of maize grains to animals (Watson and Ramstad, 1987) . According to Almodares et al. (2009) , the protein content found in both cultivars meets the recommended levels, which may range from 8.68 g 100 g -1 to 12.5 g 100 g -1
. However, for the protein content accumulated in treated QPM grains in 2015 was not higher than the recorded for the control. According to Ngaboyisonga et al. (2012) , soil nitrogen level affects protein and tryptophan concentrations in maize grains. Imolesi et al. (2001) found that nitrogen fertilization increased the protein concentration in the grain, reduced the zein content, and increased the lysine content. According to Masaero et al. (2001) , nitrogen fertilization favors the link between the amount of protein stored in the grain and plant nutritional status. The increased protein content derives from increased amino acid formation, leading to improved grain quality (Almodares et al., 2009 ). According to Silva et al. (2016) , the different protein contents generated by legume-biomass treatments evidenced that proper crop management leads to increased grain quantity and quality.
The results for amino acid content showed that the quantity and quality of chemical compounds in the grains were affected by legume-biomass addition. By analyzing the crude protein values and amino acid levels per treatment, it was found that treatments using high protein content showed high levels of most of the assessed amino acids; thus, the protein quality in maize grains depends on the profile of amino acids found in them (Blumenthal et al., 2008) . However, high protein levels may not be associated with high amino acid levels, but, rather, with nitrogen accumulation (in its ammonium and nitrate forms) in the plant and grain (Schmidt et al., 2004) . In addition, handling conditions and genetic materials also influence some amino acids; the QPM cultivar showed amino acid levels higher than those found in common maize (Prasanna et al., 2001) . Arginine content decreased due to increased crude protein content, corroborating the results by Huq (1983) . The low threonine content recorded for the QPM cultivar in the 2015 crop, in comparison to the total protein content, was caused by content at the time the crop was subjected to higher nitrogen fertilization (Vasconcellos, 1994) . The low serine contents found in the two cultivars, mainly in the 2015 crop, followed the downward trend resulting from the total protein increase (Radulov et al., 2012) . Results suggested that tyrosine and glutamine contents increased due to legume-biomass application. According to Mason and Mason (2012) , nitrogen fertilization in maize cultivars tends to increase tyrosine and glutamine levels.
Treatments using Leucaena residues, mainly LC, had positive effects on the grain quality in the two cultivars. The positive effect of the Leucaena residue derived from greater nitrogen and potassium release associated with improvements in soil physical conditions (Moura et al., 2012) . Recent studies indicated that high-quality residues or residues with added nutrients were very efficient in stabilizing organic carbon in the soil (Verchot et al., 2011) . Bertalot et al. (2014) found that the alley cropping system stimulates increase in nutrient concentration in leaf tissues, and that Leucaena helps to increase crop yield. However, the presence of exotic species in the residue mix may be advantageous; it improved protein content in the hybrid cultivar subjected to the GC treatment. Nevertheless, the positive effects from these species can be neutralized during plant growth (Schmidt et al., 2004) . Soil coating with legume-biomass is essential for soil temperature and humidity maintenance in Maranhão State, since the soil in the region presents cohesive characteristics resulting from fine sand prevalence (Moura et al., 2008) .
Materials and methods
Plant materials (Legumes and maize plants)
The experiment was carried out between January and June 2014, and between January and June 2015 at Maranhão State University, São Luís, MA, Brazil (Latitude 2°30ʹ S; Longitude 44°18ʹ W). The climate in the region is characterized as tropical and semi-humid, with two welldefined seasons, namely: rainy (January-June) and dry season; there is water deficit between July and December. Mean annual rainfall was 1457.5 mm.year -1 , and minimum and maximum temperatures during the experiment were 27°C and 37°C, respectively. Water stress was calculated after 4 days without rain (Benjamin et al., 2003; Moura et al., 2009 ). According to Moura et al. (2012) , the soil was characterized as cohesive and classified as sandy-dystrophic red-yellow Argisol. It was composed of 260 g.kg -1 of coarse sand, 560 g.kg -1 of fine sand, 80 g.kg -1 of silt, and 100 g.kg -1 of clay. The experimental design followed randomized blocks, with a 6 × 2 factorial arrangement and four repetitions. The legume residues tested herein belonged to four perennial species: two high-quality residue plants (Gliricidia sepium Jacq. and Leucaena leucocephala Lam.) and two low-quality residue plants (Clitoria fairchildiana Howard and Acacia mangium Willd) (Aguiar et al., 2010) . Legumes were sown in double rows distributed in 20 m × 4 m plots.
Treatments used in the current study were Gliricidia sepium Jacq. + Clitoria fairchildiana Howard (GC); Gliricidia sepium Jacq. (Fig. 1) .
The fertilization system applied to the maize crop consisted of 120 kg. LA, LG, and LC.
Sample preparation
Five cobs were harvested per treatment, after the maize grains reached the phenological maturity period. Next, the ears were threshed, and the grains were packed and frozen at -20°C. The grains were lyophilized (Liotop L101 lyophilizer), ground (Induction engine 1CV-220V/Tecnal), sieved through a mesh (n. 30), and vacuum bagged (Foodsaver/Oster Sealer).
Physicochemical analyses
Parameters such as lipids, mineral residue, fibers, and proteins (expressed in g.kg -1 ) were set described by the methodology by AOAC (2005) . The carbohydrate content (g.kg -1 ) was estimated by subtracting the sum of moisture, lipids, protein, fibers, and mineral residue from 1000 (Brasil, 2003) . The total of reducing sugars was quantified according to the dinitrosalicylic acid method (DNS) (Miller, 1959) in UV-VIS spectrophotometer (SP22-Biospectro). The starch content was set according to the Lane-Eynon method (Carvalho et al., 2002) . The main minerals were set according to the AOAC (2005) and quantified in inductivelycoupled plasma optical emission spectrometer (Varian 720-ES).
Amino acids
Amino acids were quantified through the adaptation of chromatographic methods described by Dai et al. (2014) and Jones and Gillligan (1983) . The samples were diluted after subjection to acid hydrolysis in order to set amino acids concentration at 1000 ppm. Samples were derivatized in 0.1 M sodium acetate and ortho-phthalaldehyde (OPA) before injection. The analyses were carried out in high-performance liquid chromatographer (HPLC model DGU-20A, Shimadzu) coupled to a fluorescence detector (model RF-10AXL, Shimadzu) by using the LC Solution software. The wavelengths used were 340 nm (excitation) and 455 nm (emission). Luna C 18 (250 × 4.6 mm and 5 μm) Phenomenex column was employed. Gradients were formed by two solvents. The mobile phase consisted of 0.1 M methanol and sodium acetate buffer, pH 7.0, flow 1.9 mL.min -1 , sample volume 20 μL, and run time 45 min. The rate of solvent A (%) was set as follows: 0 min, 0%; 2 min, 25%; 13 min, 25%; 18. min, 37%; 28 min, 60%; 34-45 min, 100%. Sigma reactants and solvents showing purity content higher than 90% and HPLC standard were used in the current study. The standard amino acid solution was prepared at concentration 10 μM.
Statistical analyses
Results were subjected to analysis of variance (ANOVA); means were compared through Duncan's test at significance level *p < 0.05, in the InfoStat software (InfoStat Group, Agrarian Sciences School, National University of Córdoba, Argentina).
Conclusion
Results of the present study evidenced that different legume-biomass combinations affected the chemical composition of grains in both assessed maize cultivars. These results suggest that the nitrogen accumulation capacity of each genotype depends on plant nitrogen use and accumulation efficiency. Legume-biomass application increased the content of most minerals. Fiber and starch presented low values, which were compensated by the increased protein content resulting from legume-based treatments. However, the quality of maize grains improved due to increased tyrosine and glutamine content, as well as to decrease amounts of other amino acids, aiding crude protein content increase under the legume-based treatments.
